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Abstract. A linear diagnostic model was constructed to simulate the

Bering Sea circulation. Monthly mean wind stresses along with lateral

water mass exchanges were used as model-forcing functions. The numeri-

cal solutions obtained for the case of annual mean wind stress generally

agreed with an existing view about the cyclonic circulation of the sea

water. The solutions obtained for each twelve-month period, however,

revealed significant seasonal differences in both magnitudes and flow

patterns. Additional controlled experiments indicated that the winter

circulation regime was strongly influenced by wind stresses as well as

lateral water mass exchanges, whereas the summer circulation regime was

basically controlled by the latter. The model results also showed that

the circulation is strongly bathymetry-dependent,

1. INTRODUCTION

There is currently a significant focus of scientific interest on

the Bering Sea. This area has always been of particular concern to

investigators supporting fisheries research in both the United States

and Japan. More recently a large scale environmental assessment program

sponsored by the Outer Continental Shelf office of the Bureau of Land

Management has concentrated attention on potential oil development areas

in Bristol Bay. This study contains a number of  components cover ing many

scientific disciplines which require supportive circulation information.

Within the immediate future, planned expansion of the OCS study will

extend the investigations to the north, including most of the eastern

continental shelf area as far as Norton Sound and through the Bering

S t r a i t . In addition to these studies, a second large scale study, PROBES



(Productivity and Resources of the Bering shelf), is being planned, which

will concentrate on the trophic level exchange in the incredibly rich

fisheries located along the shelf break; this ecologically based study

will also require circulation information.

Due largely to technical difficulties in oceanographic observations,

our present knowledge of the Bering Sea circulation is fragmentary. The

presently available observational data reveals only uncertain knowledge

of  the surface current  veloci t ies and very l i t t le  about  the deep basin

circulation. Recently Arsen’ev (1967), Hughes et al (1972) and.— —“

Takenouti et al. (1972) compiled rather extensive field data, and pro--——

posed a number of alternative current schemes. Although they all shared

an existing view

disagreed in all

the direction of

about the cyclonic circulation of the sea waters, they

the other respects: the number, location, size and even

rotation of gyres depicted.

In the present study we at tempted to explore ftindamental phys ica l

processes of the sea using an oceanic general circulation model. A

number of oceanic general circulation models have already been developed

and have successfully simulated many of the observed large-scale features

of the ocean currents. We have begun our study by adopting one such

model (Semtner, 1974) in a simplified form.

Gurikova et a~, (1 964) carried out a numerical study of the Bering—

Sea circulation using a linear diagnostic model. They assumed a flat-

bottomed, lateraily  closed basin, and thus investigated only a wide-driven

c i r c u l a t i o n . .The model results, however, confirmed the presence of a

cyclonic circulation of the sea waters.
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Lately Bacon (1973] applied the barotropic model ofGalt (1973) to

the Bering Sea, and examined a typical. seasonal response of the western

deep basin circulation. He was also able to identify, by making a series

of controlled experiments, some of the important effects such as wind

stress, lateral boundary forcing, and bathymetry.

The Bering Sea studies above are essentially two-dimensional and do

not take into account the thermohaline  component of the circulation. It

would seem that any serious attempt to simulate a realistic circulation

m u s t  e v e n t u a l l y  i n c l u d e  t h e  thermohaline e f f e c t .  A c c o r d i n g l y ,  o u r  Main

effort has been to model the Bering Sea in a three-dimensional way. This

study is still in progress and will soon be published in part II of this

series of technical reports. Meanwhilewe have constructed and tested a

two-dimensional diagnostic model as an initial step toward the three-

dimensional modeling efforts. Ne have applied this simple model to the

Bering Sea; this report reviews the model and its results. Section 2

contains a brief discussion of the mathematical model and the numerical

procedure, together with the model boundary conditions. The results and

their implications are discussed in sections 3 and 4.
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2. THE MATHEMATICAL MODEL AND BOUNDARY CONDITIONS

2.1 The Model

The equations ofmotion”for  horizontal non-accelerated flow with a constant

vertical eddy coefficient are:
la

d
azl~

.fypo = - m $ - + POK ~’ (1)

The hydrostatic equation and the mass continuity equations are:

a
?f= - gPo

1 lag+-.—— (v Cosf$) + g= oa cos$ a COSI$ at

(2)

(3)

(4)

In these equations spherical coordinates are used, witha, $, and z

representing longitude, latitude, and height. The fluid is contained

between the surface z = n and the bottom z = -H(a,$). The model specifies

two horizontal velocities and pressure. The model assumes the fluid

is homogeneous; thus the density PO is a constant (P = l)”o

The boundary conditions are:

Kp au ~. av = ~$ and ~~ =
o az‘=”Tby KpoF -(* g+: :)

a t z = -H(a ,$ ! (6)
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In equations (5) and (6)rI is the free surface elevation; H is

the depth of the sea; and T:, T: are the bottom stress components. Assum-

ing that n/H ~< 1 ~ we impose the boundary condition (5) at z = O.

Then the momentum equations (1) and (2) are vertically averaged to yield:

where

ii=

o

Jii ‘o

“1’J

Jii ‘o

-H

udz

vdz

(7)

(8)

(9)

( l o )

In equations (7) and (8) the component bottom stresses are taken as R~

and R~where R is the coefficient of friction (R - 0.02 m/s). Integration

of the continuity equation (4) with boundary conditions (5) and (6) yields:

1 J% OuM+--a COS+ ,aa
J

a ~os$ ~+(cos+ 0 ‘ dz) = 0 (11)
-H -H

Equation (11) simply states that the vertically integrated flow is

horizontally nondivergent, which guarantees the existence of a transport

stream function$ such that
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(12)

(13)

Substituting equations (12) and (13) into (7) and (8), and applyin9

the cur; o p e r a t o r ,  d e f i n e d  b y

(14)

and simplifying by eliminating a factor of l/(a2cos ), we get:

Equation (15) is an inhomogeneous,

differential equation for the stream function $ . For a given bathymetry

H .(A, $) and a prescribed surface stress distribution ;~(~, +) and

$To(A, $), the stream function V can

order differential operator. It is

ditions for this inversion. If the

trary value can be specified as the

boundary in general. However, the domain of$ will be a multiple connected

region whose boundary consists of a primary continent and several islands.

(15)

linear, elliptic, second-order partial

reobtained by inverting the second

necessary to specify boundary con-

domain is singly connected, an arbi-

value of the stream function on the
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On the chosen continent, ~ can be held constant, but on the islands v

must be obtained as a part of the total solution. In order to obtain

the @on the islands, we use the method of “hole relaxation” by Takano

(1974). Since the surface elevation n is a single valued function, a

line integral of vn around the coast line of each island should vanish.

By applying this condition in integrating equations (7) and (8) around

each island, the following equation is obtained to predict theV on the

island:

In’the above, the fact that v is spatially constant along the coastline

eliminates any contribution from the Coriolis terms.

We solve equations (15) and (16) simultaneously by the “successive

over-relaxation method.” It should be mentioned, however, that the highest

order terms in equation (15) involve a small friction parameter R, and

thus special care must be taken to maintain

methods. This plus the numerical procedure

and (16) will be discussed in section 2.3.

stability of the numerical

for solving Equation (15)

2.2 Surface Wind Stress and Open !30undary  Conditions

Wind stress can be estimated by conventional drag law methods if

the surface wind is known. Unfortunately, wind measurements over the

Bering Sea are very sparse in space and time, since they generally come

from a handful of ship stations. Therefore, for the numerical models,
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wind stress is computed from surface pressure data. First, monthly mean

pressure data provided by the National Climate Center were interpolated

quadratically from a 5° x 5° grid mesh onto the model grid mesh of 2°

(long. ) x 1°, (lat.). The interpolated pressure data were then used to

estimate the geostrophic wind velocity, and the wind velocity at anemometer

height was obtained by multiplying the geostrophic wind speed by a factor Y

and changing the geostrophic wind direction by angle a (the constant Y

is .07: ~ is 190). Strictly speaking, one should use synoptic maps in

estimating wind stress because the variable part of the pressure. could

increase the wind stress estimate through the non-linearity of the drag

law. In fact, the studies by Aagaard (1970) and Fissel etal. (1977).—

strongly suggest that the stress computed from the monthly mean pressure

could be easily underestimated by a factor of 2 or 3. On the basis of

this study, we multiplied the monthly mean stress by 3.0 for the model

calculation.

The annual mean wind stress was computed by averaging 12 months of

wind stress data. This is shown in Figure 1. The computed monthly mean

wind stress patterns for January through December are shown in Figures

2-13. The January map shows a typical winter pattern characterized by

the northeasterly stress associated with a strong high pressure center

over Siber ia and low pressure center over the North Paci f ic  Ocean. The

stress pattern in August, on the other hand, shows a very weak stress

over most of the sea and somewhat stronger “southwesterly stress over

the southeast part of the basin. In general, the wind forcing in summer
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is weaker by one order of magnitude than in winter. This significantly

large winter-to-summer change in the wind stress might lead to large

annual signals in the resulting currents. Recent work by Kinder, et al.——

(1975) has suggested that variations in the wind stress may result in

planetary wave patterns that control the current structure along the Bering

Sea shelf break. Although the present model does not include any such

wave dynamics in its steady state formulations, the time-dependent problem

is of considerable theoretical interest. For this reason the complete

annual cycle by months has been included. To the authors’ knowledge the

analysis of these monthly mean pressure data to yield sequential stress

patterns is not available elsewhere; We hope that this effort will help

stimulate productive consideration of the more complete time-dependent

problem. In addition to stress fields, the model requires boundary con-

ditions.

At the open boundaries of the grid, estimates of vertically in-

tegrated transports were required. The model has four open boundaries

along the Aleutian - Commander Island Arc: Kamchatka Strait, Commander -

Near Strait, Central Aleutian Pass and Western Aleutian Pass. The Bering

Strait also modelled as an open boundary. The widths and depths of the

open boundaries are adjusted to match the observed bathymetry within the

limits imposed by grid resolutions. Integrated volume transport values

on the open sections are chosen from various estimates presently available.

It should be mentioned, however, that at the present stage there are many

uncertainties in transport estimates at the various passes.
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The chosen values of (annual mean] transports are given inTable 1.

A net transport of 18 sv (1 sv = 106m3/s.) outward through the Kamchatka

Strait is in close agreement with an estimate of 18.4 sv by Arsen’ev

(1967) and summer values (20sv) by Hughes et al. (1974). A net transport——

of 14SV inward across the Commander - Near Strait, taken from Arsen’ev

(1967), is greater than an estimate (1OSV) by Favorite .(1974) but less

than Hughes et al. (25sv). The total inflows through the Western and——

Central Aleutian are based on the estimates made by Arsen’ev (1967). For

the Bering Strait, the total transport (lsv) outward was chosen from the

estimate (1.lsv) by Arsen’ev (1967).

2.3 Numerical Procedures

The basic equations (15) and (16) for the volume flux stream function

V are solved numerically by finite-difference methods. The Bering Sea

domain is approximated by a collection of rectangles, each having horizontal

dimensions corresponding to increments Aa and A$in longitude and latitude.

The boundary grid is chosen so as to best approximate the coastline (Fig. 14).

we write the basic equation (15) in a compact form using Cartesian

coordinates:

(17)

where A, B ando are functions of bottom slope, planetary vorticity gradient

and the wind stress distribution.

Let the nodes (Fig. 15) be Jabeledx=i, x+d= i+l ,x-d=
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i- l,y=j, y+d=j+l, y-d= j-1. Then atthenodes(i,j),

Equation (17) has the finite difference form:

- 4“’i, j)]+~($i+l,  j I-I,J+$ +$ +IJ
-f .)R1~z(vi+l,j i ,j+l i-1 ,j i ,j-1

‘~(”i,j+l-$ i,j-l) ‘“i,j (18)

(19]

Thus~ is defined at each grid point in terms of y at four neighboring

grid points, each weighted by a factor related to the grid size, depth,

bottom slope and wind stress.

Approximating the differential equation (17) by the finite dif-

ference equation (19), we obtain a system of linear algebraic equations.

One efficient method of solving this type of equation is that of “suc-

cessive over-relaxation.” For solution convergence, however, the matrix

of equation (19) must be diagonally dominant, i.e., the sum of the off

diagonal elements in any row of the coefficient matrix must be less than

or equal to the diagonal element in that row. The condition to be met

here is:

This condition will be met if:
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(21)

IIB <2R.
r (22)

Thus, three factors are critical in obtaining a converging solution:

bottom s l o p e ,  f r i c t i o n  c o e f f i c i e n t  a n d  g r i d  s i z e . C l e a r l y  c o n d i t i o n s

( 2 1 )  a n d  ( 2 2 )  c a n  a l w a y s  be s a t i s f i e d  b y  m a k i n g  d  small  e n o u g h .  I n

practice, however, the number of iterations and the storage requirements

increase as d decreases.

Sarkisian (1976) recognized this difficulty and proposed an alter-

native; the “method of directional differences.” We used this method

for the present study. The essence of the method is quite simple:

Depending on the sign of the coefficients, forward or backward finite

differences are used for the first-order derivatives in such a way that

diagonal terms possess the maximum weights. For instance, in Equation

(17), following Sarkisian’s notation, we substitute the derivative with

respect to x by the directional difference relation in the following way:

where 61 = O for A. <01 ,j

d~=l forAi,j z O

Similarly,

d(~) ‘~zv i,j+l +(1- 262J i ,j +  (62- l)Vi,j_l

(23)

(24)

7 1 0



where 62 = O for Bi ,j <0

6~=1 for BY,j >0

If we write the finite-difference analogue of the sum A~+ B% , then ~.1 ,j

has the coefficient
[lAi,jl + lBi,jl]  ‘n this slJrn. Thus t h e  dia-

gonal predominance is present in thesystem of algebraic equations

obtained, independent of the signs of the coefficients A and B. The Laplace

operator is written as in equation (18). Then we obtain the following

difference approximation of equation (17):

%[vi-l,j ‘Vi+l,j + ‘i,j-l + ‘i,j+l
-  40i,j

1

+ A. 611J i+, ..+ (1 - 213J$.  . + (q
1 ,J ‘l)Vi-l,j

I ,j
>

d

6 ~$
+ B. i,j+l + ‘ 1 - 262) ‘i,j + ’62- 1) ‘i,j-l = ~i,j (25)

1 ,j d

The computation of the stream function on islands remains to be

discussed. Rather than construct a finite difference version of equation

(16) directly, we use an indirect approach which is based on a finite-dif-

ference form of Stokes theorem (see Semtner (1974)). This theorem applies

to any area A covered by a collection of rectangles and having a peri-

meter P of rectangle edges. If arbitrary values of two fields ql and q2

are defined at the corners of rectangles, the following can be shown

to hold:



(26)

ql( X) -t ql(x+d)
where ~’ 2

?1
q l(y) + q ,(y+d)

2

To compute the value of the island stream function, a line integral

of equations (7) and (8) is reqired. The curl  of  those equat ions is al-

ready available in equation (25). By virtue of the Stokes theorem above,

we can equivalently take the area sum of equation (25). (We can arbitrarily

s e t  t h e  v a l u e s  o f  s t r e s s  t o  b e  z e r o  a t  t h e  i n t e r i o r  c o r n e r s  o f  r e c t a n g l e s ,

then the area sum will pick up non-zero at the interior corners of rectangles

on the margin of the area.) The resulting area sum gives an algebraic

relation between the value ofv for an island and all the values of$ immediately

surrounding the island. This relation is solved simultaneously with

equation (25) at each grid point in the Bering Sea domain.
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3. RESULTS

Solutions were obtained first for the case of annual mean wind stress

(Fig. 1 ) and mean mass flux conditions (Table 1 ) specified at the open

passes. Solutions for each twelve-month period were also obtained, but

due to the lack of data, monthly variations of the lateral boundary mass

fluxes were not taken into account; an annual mean flux condition was used

in the calculations. Additional model parameters are given in Appendix B.

With the annual mean wind stress from the general direction of north-

east, contours of the stream function for the whole Bering Sea (Fig. 16)

show a strong cyclonic gyre in the western half of the basin, and a some-

what complicated but much weaker flow (less than 2 SV.) in the eastern

s h e l f  r e g i o n . More  spec i f i ca l l y ,  the  Pac i f i c  Ocean w a t e r s  e n t e r i n g  t h r o u g h

the open passes along the Aleutian Islands chain first move eastward along

the Aleutians, and then turn northwestward along the shelf break to form

a broad cross basin flow. A little south of Cape Navarin this cross basin

current branches into two parts: the main part flows southwest, the second

part flows toward the Bering Strait. The southwest-bound current moving

parallel to Koryak Coast and Shirshov Ridge finally flows through the

Kamchatka Strait into the Pacific Ocean.

The mass transport vectors computed from Equation (12) and Equation

(13) for the annual mean case are shown in Figure 17. To show a clearer

picture of the circulation pattern in the deep basin, that portion was

magnified and is shown in Figure 18. The flow pattern, of course, is

consistent with the stream function field described above. It must be
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remembered, however, that the transport velocity vectors do not characterize

the motion of the water particles but give only a picture of the overall

water transport in the whole vertical column of the layer. In other words,

the actual current pattern at a certain level could be substantially dif-

ferent from the transport pattern. Nonetheless, the results obtained

are of definite importance for establishing the nature of the mean circu-

lation of the sea.

TO illustrate the monthly average characteristics of the total current,

transport stream functions for January through December were calculated.

Judging from these maps, the average, longterm current in the deep basin

is basically cyclonic, which agrees with the annual mean case. There are,

however, significant differences in both magnitudes and flow patterns be-

tween the winter regime and the summer regime.

In the winter season, the flow in the deep basin is characterized by

three strong cyclonic subgyres. These subgyres are established in November

and retained through the winter months (November-}flarch)  reaching a maximum

strength in February (Fig. 19). The strong cross-basin transport along

the shelf break is another characteristic of the winter regime. It extends

from the southeast corner of the basin to the south of Cape Navarin. The

flow in the shelf region appears to be quite complicated; it even shows

an anticyclonic  gyre in the Gulf of Anadyr. Unfortunately, due to a wide

coverage of pack ice over the shelf in winter, there are no field data

available to verify the model results. Me might conjecture at most that

the flow under the ice sheet probably resembles the model result, but this

is not certain.
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The transition to summer is characterized by weakening of both the

subgyres in the deep basin and the cross-basin transport along the shelf

break. The subgyres completely disappear in May and reappear in October.

The pattern for August is seen in Figure 20. The deep basin circulation

becomes weaker and tends to confine itself in the vinicity of the source-

sink region as the season progresses. The seasonal differences of the

flow regime in the present study must be attributed to seasonal variation

of the wind stress since the model assumed a fixed mass flux boundary con-

dition. This was further investigated in a series of controlled experi-

ments; one with wind forcing only (fig. 21), and the other with a source-

sink only (Fig. 22). Evidently, the summer circulation closely resembles

the one with the source-sink only. This might indicate that the circu-

lation in summer, is primarily driven by the mass source-sink specified

along the boundary mainly due to the absence of strong wind. On the other

hand, the closed gyres of the deep basin in winter are direct consequences

of wind forcing, which showed up clearly in the experiment with wind forc-

ing only,
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4. SUMMARY AND SUGGESTIONS

The present diagnostic study attempts to establish a basis for a

three-dimensional prognostic modeling of the Bering Sea. The model

performances are very encouraging; a simple model such as this can be

valuable for exploring some fundamental physical processes in the Bering

Sea. The results obtained generally agree with the existing flow features

as inferred from the climatological hydrographic data. Seasonal char-

acteristics of the model flow, however, are yet to be verified with the

observational data.

Furthermore, the present study provides us with invaluable information

on the range of model parameters such as bottom topography, wind stress,

etc. This information has already been used in our initial calibration

of a three-dimensional model.

Based on the analysis

numerical model

of the present study, we propose a few sug-

with a finer grid resolution is needed to

narrow passage along the Aleutian chain and to adequately resolve

topography of the sea. There is a strong indication that the

depends upon the prescribed boundary mass flux conditions and

gestions:

1) A

handle the

the bottom

model flow

upon the details of bottom topography. Doubling the present grid resolu-

tion (100 X 100 km) should improve the results significantly.

2) A more accurate estimate of wind stress over the Bering Sea is

certainly necessary. The present study indicates a sensitivity of flow

features to both the intensity and the pattern of driving stress. For

716



example, seasonal characteristics of the model flow are entirely due to

seasonal variation of the imposed wind stresses. Reliable synoptic pres-

sure maps are required in order to eliminate the use of stress multipliers

w i t h  m e a n  p r e s s u r e  m a p s . (This has been under investigation and will be

reported elsewhere.)

The effect of seasonal variation of boundary mass flux on the sea

circulation must be taken into account in future studies. The controlled

experiment shows that the sunnner flow regime is very similar to that with

the boundary mass forcing only, thus indicating the importance of boundary

conditions in determining the summer regime. Future field work directed

t o w a r d  m e a s u r i n g  l a t e r a l  b o u n d a r y  c o n d i t i o n s  w i l l  i m p r o v e  s i m u l a t i o n  o f

t h e  i n t e r i o r  f l o w .

3 )  F i n a l l y ,  t h e  t w o - d i m e n s i o n a l i t y  o f  t h e  p r e s e n t  m o d e l  - - p r o b a b l y

t h e  w e a k e s t  p o i n t  o f  t h e  m o d e l - - a l l o w s  o n l y  v e r t i c a l l y  a v e r a g e d  m a s s  c i r -

c u l a t i o n s . These results, however, are difficult to verify with field data

obtained at a fixed level because there is usually a rapid variation of

magnitude and direction of the flow

In order to simulate more real<

three-dimensional modeling based on

with depth in the real sea.

stic circulation in the Bering Sea,

complete equations is necessary.
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Table 1.

Mass transport at open boundaries

Kamchatka Strait - 18sv.*

Commander - Near Strait + 14SV.*

Western Aleutian Pass + 4SV.

Central Aleutian Pass + lSV.

Bering Strait - lSV.

* - Outward

+ Inward
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FIGURE CAPTIOMS

Figure 1. Annual n~ean wind stress (dyne/cmz) computed from 12 monthly
mean wind stresses

Figure 2. January mean wind stress computed from the monthly mean pressure
map

Figure 3. February mean wind stress computed from the monthly mean pressure
map

Figure 4. March mean wind stress computed from the monthly mean pressure
map

Figure 5. April mean wind stress computed from the monthly mean pressure
map

Figure 6. May mean wind stress computed from the monthly mean pressure map

Figure 7. June mean wind stress computed from the monthly mean pressure map

Figure 8. July mean wind stress computed from the monthly mean pressure map

Figure 9. August mean wind stress computed from the monthly mean pressure
map

Figure 10. September mean wind stress computed from the monthly mean pressure
m a p

Figure 11. October mean wind stress computed from the monthly mean pressure
map

Figure 12. November mean wind stress computed from the monthly mean pressure
map

Figure 13. December mean wind stress computed from the monthly mean pressure
map

Figure 14. Bering sea configuration and the finite difference approximation
of the Basin. Contours of depth are superimposed.

Figure 15. Location of variables in the horizontal grid

Figure 16. Annual mean mass transport stream functions. Contour intervals
are 2 sv ( ) and 0.2 sv (---)

Figure 17. Velocity vectors which correspond to Figure 16

Figure 18. Velocity vectors for the deep basin
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FIGURE CAPTIONS (cont.)

Figure 19. February mean mass transport stream function

Figure 20. Same as Figure 19 except for August

Figure 21. Annual mean stream functions computed with the annual mean
wind stress forcing only.

Figure 22. Annual mean stream functions computed with the prescribed
lateral mass source-sink only.
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APPENDIX G

Trajectory Model Listing

S e p t e m b e r  1 9 7 8
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This appendix contains a listing
of the trajectory model used to generate
the trajectories presented  in this report.
The code was designed by R.J. Stewart for
the NEGOA region and utilizes the environ-
mental library described in the main body
of the report.
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[.:
(:
(.’
[;
(:
c
(;. . .
1,

(“:
~.
~;

i.;
c
c. . .(.
c
c
(;
c
c
f“
;
c
c
c
c
.t.
c
c

FROGRAM  MCTRAJ(  INRUT?OUTPUT?TAPE5=INFUTYTAPE6=OU1F’LIT?
*TAPEl  YTAPE2vThPE3vTAPEOsTAPE9rTAPEl7vTAPE23~TAPE29)

BE CAREFUL TO RESERVE BUFFERS ONLY FOR THOSE FILES BEING USED+
SUBROUTINES

CNUWNCI:  CALLED BY MCTRAJrllECODES  INTEGER REPRESENTATION OF
WIND VECTOR(M/S)

CNUCUR:  CALLED BY MCTRAJ#DECODES  INTEGER REPRESENTATION OF
CURRENT VECTOR(M/S)

FUNCT1’UNS
AVMAG  : RETURNS TWELVE HOURLY AVERAGE HAGNITUDE
DEGPKM: RETURNS DEGREES LONGITUDE PER KILOMETER

AT LATITUDE SPECIFIED IN”ARGUMENT

INPUT  DATA SETS
PATSEQ  x SEQUENCE OF WIND PATTERNS? APPENIIED TO END OF TAPE3

WM1694 =
WM113!3 = TAPE3v
wEl125i  =
RUNPFQ = TfiPESp
CURM62 =  TAF’E9r
CURM60  m TAPE9r
WINIIXY  =  TAPE17,
CURRXY  = TAPE23r

MAP =  TAPE29r

ANI) TAF’E4,
— .—

HID IS HOURLY DATA JUN-SEP  1974 (INTEGER CODED)
MrtI  IS HOURLy  DATA J A N - M A R  1 9 7 5  (INTEGER COZIED)
EB33  HOURLY DATA JAN-FEB  1975 (INTEGER CODED)----
INPUT  DATA FOR THE HAIN  PROGRAM(CARIJS?TERM)
STATION 62 CURRENT METER DATA FEB 1975(INTEGER  CODEII)
STATION 60 CURRENT METER DATA JUL 1974(1NTEGER  CODED)
WIND PATTERNS FOR NEGOA?  13 TYPES (INTEGER CODED)
CURRENT PATTERN FOR NEGOA,  13 HAROTROPICr
2 BAROCLINIC  ( I N T E G E R  CODEKI)
DIGITAL COASTLINE REPRESENTATION (0 IS WATER)

OUTPLIT DATA SETS
NIIATAN  = TAF’EZ2,  SPILL TfiAJECTORY  P O S I T I O N S  F O R  P L O T  VIA PICTUR
(JUTS = T6PEA, L13TING  OF PROGRAM

COMklCIN/WNIIATA/WINDTM
REfiL NCLAT,ECLONG,SCLAT~WCLONG
INTEGER WINIITM~CllRRTM
IIIMEN$;ION  M5TIN11(3714)
INTEGER  STRTDA?STRTHR
INTEGER  WINLIXYSCURRXY
LIIMENSX1lN  TWLTLG(2t2)
C!,IMENS1ON  TCLTLG(2r2)
DIMENSIC)N  WIN)3TM(24P90)  PCURRTM<24,90>
IIT.MENSION MAP(80~40)
DIMENSION IWNDSECJ(2r90)
l)IMENSIC)N  WINllXY(40r20,13)  SCURRXY(60,30y  1 3 )
DIMENSION X(960),Y(960)  rYLAT(960)  rXLONG(94+O)
DIMENSION IDAROC(60~30)
tI.IMENSION  UVCTRW(2P2r  13)~UVCTRC(2t2~13)
[I1MENS1ON  WMGSTN( 13)!CMGSTN(13)
DIMENSION UW5TN(13)
DIflENSION  VWSTN(13)
DIMENS1ON UCSTN(i3)
DIMENS1ON VCSTN(13)
I)aTA WNIIFAC/,03/
LiflTA NCl.AT/6O,5O/vECLONG/l38.OO/,SCLAT/58,OO/vWCLONG/l48  , 0 0 /
DATA TWLTLG/!59.43s146,33*58.50v141  . 0 0 /
DATA  TCLTLG/39,55rl.42+27?60,03v  145+85/
DflTA  X/960W9999e/?  Y/?60*0,0/
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AT THE BEGINNING OF THE PROGRAM NW THE r)ATA SThTtZtlENTS.

Do 10 1=1?90
F(EAD(371040)  (WINDTM(J~I) ?J=l~12)
F(CAll(3~1040) (WINDTM(Jv  I)~J=13r24)
REAKI(9r1045)  (CURRTM(JtI  )sJ=lFB)
READ(9F1045)  (CURRTM(J~  I)tJ=9r16)
RE,411(9Y1045)(C  URRTM(JJI  )tJEf17?24)

CONTINUE
FORMAT(1216)
FilRMAT(DI&l)

THE LAST RECORKIS  IN THE WIND TIME SERIES CONTAIN T H E
PATTERN SEGUENCE

REAII(3Y1090)  ((IWNDSEQ(K7J)  ,K=ls2)~J=l~30)
READ(371090)  C(IWNDSE!3(KrJ)  FK=lY2)rJ=31r60)
READ(371090)( (IWNDSEI3(K,SJ) ~K=ls2)rJ=61~70)
FORMAT(3012)

TI+E FOLLOWING ARRAY  CONTAINS THE 13 WINII  FIELDS

110 15 ti=Jlr13
00 j.4 .)=1?;?0

m 13 LL=1Y4
LLC)=(LL-1)X1O+1
LHI=LLO+9

READ(17r2000) (WINllXY(LrJtK)  rL=LLO?LldI)
CONTINLIE

CONTINUE
C(JNTIF!IJE
FC)RMAT(10:[6)

THE FOLLOWING ARRAY  CONTAINS THE 13 DAROTtlOFIIC  CURRENT FIELDS

n o  :!3 1(=1$13
no 22 J=1Y30

nO 2 1  LL=Ilr&
LLO=(LL-I)X1O+1
LHI=LLO+9

READ(23s2002)  (CURRXY(LrJvK)  sL=LLO,LH~)
CONTINUE

CONTINIJE
CilNTINIJE
FORMAT(IO18)

THE f$RRAY
FIELD,

lFWAKI = O
Ilo 29 J=l,XO

XBAROC CONTAINS THE BAROCLINIC  COMPONENT OF THE CURRENT
IT IS ASSUMED  CONSTANT OVER THE SIMULATION PERIOD,

Dcl 28 LL=1Y6
LLCI =4 (LL-1)X1O+1
LHI =  LLI)+9

READ(23r2002)  (IEfAROC(L,J)  rL=LLO,LHI)
ccm4r:cwE
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IDF$BGN = MSTIND(IROW?3)
Il{RKiGN = MSlIND(IROWr4)
IYREND =  MsTINrJ(IRowr5)
IfMIENll  = MSTIND(IROW?6)
I[@ENI!  = MSTIND(1R0W,7)
IHREND =  MSTINn(IRC)W~8)
LASTtIA  = FP3TINtI(IROW,ll)
NOU5TN  = MSTINll(IROWP12)
NOCSTN =  MSTIND(1ROWJ13)
NBAROC  = MSTINB(IROW?14)

c
c CHECK IF START IS EARLIER THEN IIATA

lF(ST’RTKIA,LToMSTINIl(IROWrS)  )GOTO  4 9 0
c
c NOW WRITE  ALL PERTINENT DATA READ FROM TAPE 5 AT TOP OF NEW F’AGE~:

ON TAPE6,
c

WRITE(6TIO1O)
WRITE(6J1017)MSTIND(IROW,1) pMSTIND(IROW,2)  ?M3TINKI{IROW,3)  ?

1  MSIINtI(IRO(J#l)
WRITE(6F  I018)MSTIND(IROWF5)  rFU3TIND(IROWr6)  rffSTIND(  IROW,7)P

P 2 MSTIND(IROWr8)
WR11E(I5J1027) IDASEPrIHRSEP
bJRITE(6,1067  )STRTDAZSTRTHR
WRITE(6>991  )MSTIND(IROWr9)  rMSTIND(IROW~lO)

991 FURNAT(1X,XEARLIE!5T  START.  POSSIBLEX~3Xr*  STRTfiA =  *J
I I~,zx,*GTRTHR  = x,12)
1JRITE(A7106S)LASTIIA
WR’1TE(6,  1037)SRCLAT)SRCLNG
wR1’TE(6r  :1072)NOWSTNtTWLTLG(lrNOWSTN)  rTWLTLG(2rNOWSTN)
lJR.rlE(6r  lo73)NocsTN?TcLTLG(  ltNocsTN)  ?TcLTLG(2?NrJcsTN)
wRITE(67:!-074  )NBAROC

~.olo” FORMAT(lHlr*  S IMULATION .IIATA CHOSEN IS: W)
1015  FORNAT(4(lX~12))
10:17 FCIRNAT(*  IYF{!W3N = *Y1272X?*IMU5GN  =  *s1272x?*IrlA13GN  =  *?

$’ 12r2Xr*IMRBON  = XP12)
1010 FORlfhT(*  IYf+ENO  =  *r1272X~*1MOEND  =  *~12?~x~*111flENn  =  *7

* 12,2X?*IHREND  =  X;12)
~o~~  Fo~~A1-(7)(,~(I~,~x))
1027 FORMA”r(!2”7X>X  IOASEP  =  *r12r

12X?*IHRSIZF  =  *,12)
1035 FORHf}T(lX>r:7*4~4XrF8,4)
1037 F O R M A T ( *  SRCLAT’  = *~F7*4r2Xr*SRCLNG  := *rF8-4)
1067 FORMAT(5Xr*FOR  “rHIS  RUN*#lOXrX  STRTDA =  $ , 1 2 , 2 X ,

1  $STRTHR =  Xr12)
1 0 4 8  FORMAT(!3Xr*LAST  FOSSIEILE  DATE*v4XP*LASTDA  = X~12)
1070 FoRMAT(2x?3(12f2x))
1 0 7 2  F O R M A T ( *  WIND S T A T I O N  N O  = *r12?*(f’fID  IS = 1? EB33  = 2)*?

x2X,*AT  L A T  =  X’rF7,3r2Xr$LONG  = X?F7*3)
1073 FORMAT(*  CURRENT STATION NO =*r12rlXr*(62  = lr 60 = 2)*s

%2X,*AT LAT =$?F7,3r2X?*LONG  M*vF7,3)
1074 F O R M A T ( *  INtIEX OF BAROCLINIC  FIELD =*~12r5Xs

**(I = JULY 1974, 2 = F E B R U A R Y  1 9 7 5 ) * )
c THE FOLLOWING ARRAYS CONTAIN THE CURRENT AND WIND TIME SERIES.
(: VARIABLE TAPE NUMBER  IDENTIFIES THE SQURCE  PER THE COMMENTS

THE
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(:
c. . .
I
. .L
[:
c~
~.
. .1.
c
c

i’
~:
,-,,,
L
f:
. .,..
c

r..ATr4  MST:[NIt/7~)V75,75,06?Ol  vOI,07V01V01 VOOVOOVOOV
J, 74v75v7sro9v03v03t04v31  v31POOT~~V2~*
~> 26v33v:33~05P22vOl  v86?90rS9V
3 01?01?02V02?01?01  F01T02V021

CONVENTION FOR INDEXING SPATIAL ARRAYS  IS THAT THE
FIRST  INDEX  I S  EAST-WEST* ALL INDEXING 1S BASED  ON AN

THE

“THE

ORIGIN AT T}{E SW CORNER,
NE AND SW CORNERS OF THE COMPUTATIONAL hREA ARE SFECIFIEKI  BY
NCLAT,ECLONGVSCLATVAND  WCLONG,
OIL-WIND-CURRENT INTERACTION IS MODELED AS A SIHFLE
VECTORIAL SUM, T H E  WIND V E L O C I T Y  IS SCALED  BY
WNUFAC,  TYPICALLY ,03,

DEGF’KM  IS h STATEMENT FUNCTION WITH ARGUMENT SLAT
IiEfjFl~)f(sLA”r)  4! [lGpKM/C0s(5LAT*,0174533)
[lGFKM = lto/lt1312

13GN TO END SPECIFIES PERIOD UNDER STU[lYO
TIME SItllJLATION  PERIODS INCLUDE THE FOLLOWING

PERIOIJ STRTDA STRTHR LASTIVI NOWSTN NOCSTN NEIAROC

c ( , / 7 / 7 4 - 9 / 4 / 7 4 26 5 S6 1 2 1
c
[: 1/1/75--3/31/75 3 3 2 2 9 0 1 1 2,..t.
i> 1 / 1 / 7 3 - 3 / 3 1 / 7 5 33 1 S9 ~ f 1
. .
1, IN GENERAL, ONLY A FRACTION OF THESE PERIODS HAVE SIMULTANEOUS
~. KIENSITY  FJ.ELDr  WIND, AND CURRENT MEASUREMENTS
G
c .INFIIT  START DATA
c SIMIJLATION  PER.TCln

READ(3r1025)IROW
. .1. IKIASEP  DETERMINES THE TIME SEPARATING TRAJECTORY RUNS

REAKI(5?1025)  IDASEPrIHRSEP
1: T IME TO STflRT IS SPECIFIED WITH STRTIIA?STRTHR

READ(5,1025)STRTDA?!3TRTHR
-,
1. CURRENT DATA FOR TIME SERIES IS OBTAINED EITHER F R O Mi;
i:
(.,
(:
(:
~..

c
,-;
c

~TATIfJN 62 OR  sT(?)T’~oN  &)

S T N  ($2 = LAT 59055N L O N G  142t27W;  NOCSTN  = 1
S T N  60 = LAT AO.03N  L O N G  145.S5W; NOCSTN  = 2

T H I S  Ik4”rA  IS STORED  I N  TCLTLG,
T14E T I M E  STEGDY  EMROCLINIC  CURRENTS  A R E  BASED ON

D E N S I T Y  DATA FRCJM
J U L Y  1974; NBAROC  = 1
FfZFJ 1Y75;  NHAROC  = 2

:;RcLAT  AND SRCLNG SPECIFY THE SPILL SITE.
ttEAKf(5Y  10:$5):;RCLAT~SRCLNG

bJINKl [lATA  FOR TIME SERIES  IS OBTAINEII  E I T H E R  F R O M
HI;13~E;~N  ISLANII O R  EJ333e

= LAT S9,43N L O N G  146+33W;  NOWSTN =  1
fim:z = LCIT 58+50N  L O N G  141.00Wi NCIWSTN  = 2

THIS  D A T A  IS STORED  IN TWLTLG
EQUATE  VARIABLES TO MASIND
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CONTINUE
IREAD  = IREAD+l
IF(IREAD.EQol  oANEIoNBAROCOEQ,2)GOTO  2 7
[(O 31 J=1Y40

READ(29r2050) (MAP(IPJ)?I=l ?80)
CONTINUE
ldRITE(4r2060)
IICI 32 J=lr40

.lJ=4i-J
WRIT’E(6r20S5)  (MAF(IrJJ)  ~1=1,130)

CONTINUE
Ft)RFIAT(EIOIl)
FOFiMAT(lXrEIOIl)
FORt+AT(20XS  *MAP*)

CALCULATE INDICES OF WIND AND CURRENT METER STATIONS

JWSTN = IFIX((TWLTLG(l  rNOWSTN)-SCLAT)X20/(NCLAT-SCLAT)  )+1
IWSTN =  IFIX((WCLONG-(TWLTLG(2,NDWSTN)  ))X40/(WCLONG-ECLONG))+l
JCSTN = IFIX((TCLTLQ(lrNOCSTN)-SCLAT)X30/(NCLAT-SCLAT)  )+1
ICST’N = IFIX((WCLONG-(TCLTLG(2SNOCSTN)  ))X60/(WCLONG-ECLONG))+l
wR.TTE(Llr:!074)
F(lRMAT(llHOr$  INDICES OF WIND AND CURRENT METER STN5 ARE: X//)
WR1TE(6,2075)  IWSTN,JWsTN,  ICSTN,JCSTN
FCI}INATOX IWSTN I=xr12r2XrXJWSTN  =$r12j2Xr$ICSTN =*~

* 12,2X,XJCSTN  =XS12)
,.

1’ CALCULATE THE NOMINAL WIND AND CURRENT VELOCITIES FOR TliE 13
. . .l., PATTERN TYPES AT THE WIND AND CURRENT METER STATIONS,
c f)LSO  DETERMINE THE WIND AND CURRENT MAGNITUDES AND THE
f. . . RE(2U1RED  LONGITUDINAL AND TRANSVERSE UNIT VECTORS.

WRITE(6r2079)
CALL  CNUCUR(  IIIARC)C(ICSTNrJCSTN)  rUBCSTN,VECSTN)
WRITE(6P5050)IJBC5TN,VBCSTN

@W FORMAT(X  UBCSTN  = XrE1204,2X,rk  VBCSTN  =  X,E12*4)
110 50 J=lr13

CALL CNVWNfJ(WINDXY(IWSTN,JWSTNrJ)  ,UWSTN(J),VWSTN(J))
CALL CNVCUR(CURRXY(ICSTNrJCSTNiJ)  ,UCSTN(J)  ~VCSTN(J))

. . WIND AND CURRENT VECTOR MAGNITUDE
WMGS”rN{J)  = SQRT((UWSTN{J)XX2)+(VIIISTN(J)*X!)  )
CMGSTN(J)  = SORT((UCSTN(J)*X2)+(VCSTN(J)**Z))

(: WIND UNIT VECTOR ARRAY
UVCTRW(lZ1?J)  =  UWSTN(J)/WMGSTN(J)
UVCTRW(2,1,J)  = VWSTN(J)/WMGSTN(J)
UVCTRW(1,2,J)  = -VWSTN(J)/WMGSTN(J)
UVCTRW(2r2,J)  =  UWSTN(J)/WMGSTN(J)

c CURRENT UNIT VECTOR ARRAY
LJVCTRC(l,l,J)  =  UCSTN(J)/CilGSTN(J)
UVCTRC(291?J) =  VCSTN(J)/CMGSTN(J)
UVCTRC(lr2rJ)  ~ -VCSTN(J)/CMGSTN(J)
UVCT’RC(2r2rJ)  =  UCSTN(J)/CMGSTN(J)

2?{)79 FTORMAT(lt40rX  WIND AND C U R R E N T  P A T T E R N  llA’Tf)  fiT
WRITE(4r20t10)JrWINDXY(  IWSTN~JWSTNrJ)S

)x CURRXY( ICSTNrJCSTN~J)

STATIONS X//)
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tdl?ITt:(6r2082)LJWSTN{J)  jVWSTN(J)Y
* UCSTN(J)~VCSTN(J)  ,
* WMGSTN(J)  FCMGSTN(J)

50 CONTINUE
WRITE(6?2090)
[1(1 51 1=1?13

WRITE:(6~2092) ((UVCTFtW(l~KtI  )~K=l12)1
* (uvcTRc(l?K?I)  tK=l?2))

wllITE(6?2092) ((uvcTRw(2?Kr  I)?K=l.?2)?
* (uvcTRc(2?K7r)  rK=lJ2))

51 CONTINUE
CALL CNVCUF((  IIMROC(  ICSTN?JCSTN)  >UBCSTNrVHCSTN)

;?()[)0 FORMAT(*  J=*r12?5XrXWINDXY=X116r2Xr*CURRXY=$r  18)
2082 FORMAT(*  UWSTN=*SE12,4t2Xr*VWSTN=XIE12,4?2X~X  UCSTN=X?E12,4/

* 2X,XVCSTN=$TE12,4r2XtX  WMGSTN=XrE1204r2Xr$CMGSTN=*~E12.4)
FCIF{MAT(20X,X  WINII  AND CURRENT UNIT VECTOR ARt’?AY$I)
F-0RKAT(1X?O(E12.4?2X)  )

wRITE(2,2093)  SCLATtWCLONG rNCLATtECLONG
FORMAT(4(IXPF9+4))

INITIALIZE TIME COUNTER
I Mll = STRTHR
Illf? = STRTBA
ISEt?NM = 1
ISEC4DA  = IDA

H.EGIN  TRAJECTORY CALCULATIONS

IF(IHR.LE.6+ORtltlR,GT,~B)GOT0  1 0 1
lsE~NM  s :!
Go”ro  104
IF(IHR,LE.IS)GOTO  1 0 4
ISE(2BA,  s IDA  -t 1
WNIIM.4G  =  hVMhG(ISE(tNMrISEnIIA)
XLONG(l) = SRCLNG
YLAT(I)  =  sLi’cLf$T
x(l) = (WCLONG-SRCLNR)/DEGPKM(SRCLAT)
Y(l) = (SllCLAT-SCLAT)/llGPKM
WRITE(4,2YY9)
FURMAT(l140r*  T R A J E C T O R Y  DATA *//)
WRITE(6r3000)X(l  ),Y(l)  ~XLONG(l)rYLAT(l)
FORMAT(*  X=X9F8+2)IXPXY=*?F8+2?  lX?XXLONG=*~F8+2VlX~*YLAT=*7F8+2)
K(NJNT1 =  1

TNE PROBLEM IS NOW INITIALIZED+ BEGIN CALCULATING
CONSECUTIVE POSITIONS

I.10 120 1=2,959
=  IFIx(((wcLoNG-xLnNG(I-l))*40)/(wcLoNG-EcLoNG)  )+1

~ti  = IFIX(((YLAT(I-1)-SCLAT’)X20)/(NCLAT-SCLAT)  )+1
ICtl =1 IFIX(((WCLONG-XLO~G(I-l  ))*60)/(WCLONG-ECLONG))+l
JCR =  IFIX(((YLAT(I-1)-SCLAT)X30)/(NCLAT-SCLf+T)  )+1
TflAF = XFIX(((WCLONG-XLONG(  I-l))XBO)/(WCLONG-ECLONG)  )+1
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JMAF =  IFIX(f(YLAT(I-1)-SCLkT)X40>~{NCLAT-SCLAT)  )+1
URITE(6f3020)  IWrJWfICR?JCR~IMAPtJMAP~ IllflyIHR

3020  FORMAT(X  IW5=t.t12i2X*XJW=Xf  r12t2XsXICR=X112r2X  r#IJCR=X712~2X~

i.;
(’

s

t..;
,.:

~:

c

. . .
L,

I

(:

c

,.. .

c

i;

c

(3RCJIJNJIING CttECt(
IF’{MAF(I  MAP*JMAP)+NEcO)  GOTO 140

WIND  ORRAY  CHECK
IF”(WINLIXY(IW,JW),LT,O)  GOTO 140

CURRENT fiRRAY  CHECK
TF(cuRRXY(ICRrJCR)  tLT+O)  GOTO 140

J3ETERMINE  IF BAROCLINIC  CURRENT IS K N O W N
IF(IBAROC(  ICRrJCR).LT,O)  GOTO 140

DETERMINE”  LOCAL  %$ROCLINIC  CURRENT VELOCITY
C A L L  CNVCUR  (113fM30C(  ICRFJCR) rBCUC~RCVC)
C H E C K  FOR  BAD DATA
IF(IWND6ER(  ISERNM~ISERDA)  ,LT.O)GOTO  450

LOOK-UP FATTERN NIJMRER TYPE
NLIMSEQ  =  IWNDsEQ(  IsEGNM,lsEQDA)

IIETERNINE  LOCAL EM%ROTROPIC CURRENT VELOCITY
CALL CNV.CUR(CURRXY( ICRrJCRrNUMSEQ)  FBTUC,BTVC)

DETERMINE LOCAL WIND VELOCITY
Cf’)L.L  CNVWNEI(WINLIXY(  IWFJW~tW.ttlSEQ)  ~UUCrWVC)

DETERMINE STRENGTH OF WINI)  FIELD
FLDST’R =  WNKIMFiG/WMGSTN(NUMSEQ)
CHECK FOR BAD Iv)”rf)
IF(bJINIJTM( IHR?IDA),LT,O)GOTO  4 5 0

DETERMINE HOURLY  WIND VELOCITY AT WIND STATION
CALL CNVWNIl(WINDTM(IHR~IDA)  tllWJiR?VWJ-JR)

DETERMINE WIND PERTURBATION VELOCITY AT WIND  STATION
UWF’ERT = UUHR -  FLDSTR*UWSTN(NUMSEQ)
VkJF’ERT  .= VWHR -  FLDSTR$VWSTN(NUJISER)

DECCtMPOSE  INTO ALON(3 AND LEFT PERPENDICULAR COilPONENTS
WALNGU =  UUCTRW(  ltltNUJISEQ).WlbJPERT  +  UVCTRLt(2? lYNUt4SEt2)*UWPERT
WLEFTU  =  UUCTRW(  lr2vNUMSEQ)XUWPERT  + UVCTRM(2t2rNUMSER)$N)WPERT

DETERMINE LOCAL WIND SPEED FOR TURBULENCE SCCILE
Wtl13LOC =  SfJRT((WUCXX2)  +  (WVCXX2))

TRRSCL IS NOW THE FOLLOWING RATIO  OF THE UNbtEIGJITED FIELR VARIABLES
TRBSCL  =,wtfGLOC/WMGSTN(NUMSEQ)
WALNGU = WALNGUX’TRDSCL
WLEFTU  = WLEFTUXTRBSCL

CALCULATE X,Y COMPONENTS OF ROTATED PERTURBATION VELOCITY
UWPERT  =  (WALNGUXWUC/WMGLOC)  -  (WLEFTUXUVC/WMGLOC)
UWFERT = <WALf?GLtSWVCIWMGLDC)  -k (WLEFTU$WUC/WMGLOC)

DETERMINE SYNTHESIZEtI  LOCAL HOURLY WINK! VELOCITY
Wu = FLDSTRXWUC  +  UWPERT
Wv = FLDSTR*WUC  + VWPERT
CMECK  FOR Will DATA
IF(CLJRRTM(  IHRSIUA),LT,O)GOTO  450

DETERMINE HOURLY CURRENT VELOCITY AT CURRENT STATION
CALL CNVCUR(CLIRRTM(IHR)IDA)?  UCHR!VCHR)

t!ETERMINE  CURRENT PERTURBATION VELOCITY AT CURRENT STATION
UCF’ER”T = LJCt{R  -  U?3CSTN  - (FLIlsTR**2)*ucsTN(NutlsEQ)
VCPERT  = VCHR  -  VDCSTN  - (FLDSTR*$2)*VCSTN(NUMSEQ  )

IIECOMPOSE  INTO  ALONG AND LEFT PERTURBATION COMPONENTS
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CAL.NGU  ‘= UUCTRC(l vl?NUMSEQ)*lJCPERT +  UVCTRC(2rl rt4UMSER)*VCPERT
CLEFTU  = UVCTRC(l r2rNUMSEtl)XUCPERT  +  UVCTRC(2j2rNUMSEQ)*V”CF’ERT

. .,., tIETERMINE  LOCAL EMROTROPIC CURRENT MAGNITUtIE
ci’tGLrJc =’ SQRT((INUCX*2)  +  (BTVC*X2))
TRBSCL  = CNGLOC/CMGSTN(NUflSEQ)

c DETERMINE SCALED  PERTURBATION COMPONENTS
CALNGU  = TF3U3CL*CALNGU
CLEFTU = TRBSCL$CLEFTU

(, CALCULATE SYNTHESIZED LOCAL CURRENT PERTURBATION
UCPERT  = (CALNGUXE!TUC/CMGLOC)  -  (CLEFTUXBTVC/CMGLOC)
VCF’ERT  = (CALNGUXBTVC/CMGLOC)  +  (CLEFTUXBTUC/CMGLOC)

i: IIETERMINE  SYNTHESIZED LOCAL  CURRENT UELOCITYO.,,1. 7HE BARocLINIC  ANII PERTURBATION COMPONENTS ARE SCALED
(‘, ALRE611Y, BUT THE llAROTROPIC.  PORTION STILL REQUIRES AMPLIFICATION

~~.= BCUC +  UCPERT +  (FLIX3TRXX2)*BTUC
=  DCVC  + VCF’ERT + (FLDSTR**2)$BTVC

c STORE VELOCITY DATA IN TfIPE8 FOR STICK
U1=LICHRX1OO  ,

U2=RCUCX1OO*
U3=CU*1OO3
VI=VCHR*IOO,
\12=~lcvc*lo(J*
V3=CV.X1OO,

VECTOR DRAWINGS

kVtITE(t3,3O29)Ul~VltUWHR?VWHRpU2pV2?U3?V3tkLl~lW
30;!9  FORMAT(IOFS,3)

c WRITE  MISC. VARIABLES F O R  tIEBUG,
c wRITE(693030)cu?cvrwu?wv?mJcfIlcvcYBTucrBTvc?
c * CALNGUPCLEFTLltTRBSCLtF’LlX3TR
C:ioxo  FORMAT(IX?12E1O.3)
. .1.

110

3 0 4 0

120
140

3044

NOW 11P93ATE  P O S I T I O N
X ( I )  ~ X(1-I) +  3,4)*(CU + WNDFACXWU)
Y(x) =  Y(I-1) + 3,6*(CV +  WNnFACXWV)
YLAT(  I ) =  YLAT(I-1)  +  (Y(I)-Y(I-l)  )*DGPKM
XLON13(I) =  XLONG(I-1) - (X(I)-X(I-l) )*llEGPKM(YLAT(  1))

.[JPD6TE  KOUNTJ.  TO INKIICATE  NEW P O S I T I O N  D A T A
K(ILINTI  =  I
NOW UPDATE  TIME

Il+R =IHR + 1
IF(IHR,LE~24)  GOTO liO

IDA  = 111A + 1
lHR  = 11-IR .- 24

IF(IIIA,GT+LfiSTIIA)  GOTO  1 4 0
IF(IIIA.ER.LAS”rDA>hNrIc  It{~+GT, 18) GOTG 1 4 0

Wt?ITE(6,3040)X(I)  rY(I),  I
FORMAT(lXrXX(I)=*~F8*2r2Xt*Y(I)=X~FR,2~2XFXI=X~I3)
IF(IHR,NE*7)  GOTO 1 1 2
IS!3JNM =  2
WNDMAG  = AUMAG(ISEQNMI  ISEQIlh)
GGTO 1 2 0
IF(IHR,NE*15’)GOTO  1 2 0
ISEQNM = 1
lSEQDA = IDA + 1
WNINMD =  AVMAG(I!3EQNM? ISQD6)
CQNTINUE
WRITE(6Y3044)
FORth4T(tH(),X  FORMATTED LISTING OF TAPE2  DATA *//>

746



WllITE(6z3045  )SCLhTtUCLONG?NCL($T  PE12LONG
:;04!3  FoRl+AT(  lxr*scL.AT=*?Fe*2$2xr*wcLoNG=*?F8*2r2x?*Nct.Al=*?F8*2r2x?

* *mLoNG=*rFEt*2)
KOUNT1 = KOIJNTI + 1

DO 142 1=1, KOUNTI
WRITE(273050)X(I)Y  Y(I)
WRITE(6,3055)X(I),YtI)

FORM6T(2(1X7FG*2))
FoRtlAT’(lx?*x(I)=*?FElo2?2xr*Y(  I)=*?Ft?,2)

CONTINUE
STRTHR = STFtTHR + IHRSEP
STRTKIA  = STRTl)A  + IIMSEF
IF(STRTHR,LE,24)  GO TO 143

STRTUA = STRTDA +  1
STRTHR = STRTHR - 24

IF((STRTDA.GT.LASTDA) ,OR. (STRTDA,ER.L6STDA.AND,STRTHR.GT,  18))
* GO TO 500

IDA =  STRTDA
IHR = STRTHR
DO 1 4 4  1=1,960

X ( I )  = 9999,
Y ( I )  = 0 , 0

144 CONTINUE
GOTO 100

c
c

450 wRITE(6?40io)
40tOFORMAT(lX,*  TY.ME  SERIES DATA ERROR SEE L ISTING * )

WRITE(6~4020)  ISEtlNM~ISEQDAFIHR,IDA
4 0 2 0  FORMAT(l}+OrX  ISEONM x~141* ISEQ13A *r14rX IHR X,

1  14r$I IDA  X)14/)
c PPRINT O U T  DATI) FIELIIS

ItO 455 1=1~90
MRITE(6,4030)(W  INIlTM(J~  I)~J=lr12)

4.40
4030
4040

4050

40.40

4070

4 9 0

WRITE(674030)  (WIN13Tti(JP  I)JJJ=13724)
CONTINUE
00 4 6 0  1 = 1 , 9 0
WRITE(6?4040) (CURRTM(J?I)  ,J=l~E))
WRITE(6,40.40)  (CURRTM(J,1  )sJ=9t16)
WRITE(6,4040) (CURRTM(J,I  ),J=17,24)
CONTINUE
FORMAT(iXr1216)
FORflAT(lXr81El)
WRITE(6,4050)
FORMAT(lNO,*  WINll  SEQUENCE ONE *//)
14RITE(6,4060)  (IWNIISEQ( ltJ)rJ=l?30)
WRITE(6~4060) (IWNllSE(l(  lrJ)rJ=31P60)
WRIT!E(6p4060) (IWNtlSEQ(l?J)  ~J=x61!90)
FoRflAT(ix,3012)
WRITE(6F4070)
FORMAT(lHO,X  WIND SEQUENCE  TWO X//)
WRITE(6,4060) (XWNDSEO(2,J)  tJ=l,30)
WRITE(6,4060) (IWNDSEQ(2?J)  ,J=31t60)

GOTO 300
WRITE(6J5000)
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5 0 0 0  FORFIAT(lHQ~X  START ‘DAY 1!3 BEFORE  D A T A  * / )
500 STDF

END

REAL FUNCTION AVMAG(ILO,lDA)
INTEGER WINDTM
DIMENSION U(12)~V(12)
COMMON/WNllATA/WIN[lTM  (24?90)
tIATA U9V/12#0.0r1280.O/
DATA XNSAM/12,0/
IF(ILO.ER*2)GOT0  2 0
nO 15 I = ltA

IF(WINBTtl(IDA-l  $I+18)oLT,0)XNSAM  =  XNSAM-1
IF(WINllTtl(IDA-l  ZI+18),LT+O)GfIT0  11
CALL CNVWND(WIN13TM(IKIA-lrI+18)  ~U(I)~V(I))

11 IF(WXNDTM(IDA*  I),LT,O)XNSAM  = XNSAM-1
IF(WINDTM(IDAyI),LT,O)GOTO  15
CALL CNVWND(WINDTM(IIIAFI)  rU(  I+6)rU(I+&))

15 CONTINUE
GOTO 50

20 DO 25 I = lr12
IF(WINKITM(IDA,I+6),LT,0)XNSAM  =  XN!3AM-I
IF(UINDTM(IIIA?I+6)  .LT*O)GOTO  25
CALL CNVUND(WINDTM(IIlAFI+6)  ~U( I),V(I))

25 CONTINUE
5 0  AVMAG = 0,0

DO 60 I = 1~12
AVMAG = AVMAG  + SQRT((U(I)X*2)+(V(  I)**2)  )/XNSAM

’40 CONTINUE
RETURN
END

SUBROUTINE CNVWNKI( IVELrUWFVW)
Vsl]R =  FLOWT(IVEL-lOOO*IFIX(  +OOI*FLCIAT(IVEL)  ))
IJSUR = (FLOAT( IVEL)-@3UR)X+OOl
Uw = USUR8,1  -  30.0
Vw = VSURX,I  .- 50,0
RETURN
mm

SUEROUTINE CNVCUR(ICURtUC~VC)
USUR  = FLOAT(ICUR-1OOOOXIFIX( ,OOO1%FLOAT(  l’Cl.lR)))
IJSUR = (FLOAT(ICUR  )-VSLJR)*,000I
IJC = (USUR-SOOO)#O  ,1
UC = (VSUR-5000)X0  ,1

c THIS RECREATES CURRENT IN ITS ORIGINAL UNITS WHICH  WAS
c CM/SEC . NOW CONVERT TO tl/SEC FON  USE BY FRCIGRAN,

UC = UC*l,OE-2
Vc = VC*l*OE-2
RETURN
END
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